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@ Method and apparatus for collecting X-ray absorption data in X-ray computer tomographic apparatus.

@ An X-ray tomographic apparatus, an X-ray tube (11) and
an X-ray detector (12) arranged to face each other via a body
(10) are caused to undergo reciprocation along a plane
section of the body (10) for collecting X-ray absorption data
of the plane section in a given angular aspect. Two different

kinds of X-ray absorption data dependent upon respective FIG 5
different energy levels are collected on the basis of different -
tube voltages during the respective forward and return ‘f’ '(7
movements in one reciprocation. After one reciprocation, the : 4
X-ray tube {11) and X-ray detector {12} are rotated by a TUS\EJITVC%%LA(?E ] TU:E;: VOLTAGE
predetermined angle relative to the body (10). The reciproca- CiRCUIT SUPPLY DEVICE
tion and rotation are alternately repeated to collect X-ray
absorption data of the plane section of the body (10} in
various angular aspects. The accuracy of the CT value can be Vau s
increased using the two different kinds of X-ray absorption « {
data during the forward and backward movements. g DlSPLA;
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Method and apparatus for collecting x-ray absorp-
tion data in x-ray computor tomographic apparatus

This invention relates to method and apparatus for
collecting X-ray absorption data in X-ray computor
tomographic apparatus, which can obtain precise X-ray
absorption data with respect to a given plane section of
a patient's body and also permits reconstitution of a
high quality tomographic image.

Among X-ray tomographic apparatus, there are com-
putorized tomographic scanners (hereinafter referred to
as CT scanner).

One such CT scanner adopts a traverse and round
system also called first generation. Fig. 1 shows this
first generation. In this system, an X-ray tube XT and
an X-ray detector DT are disposed to face each other via
a patient's body P, and they are traversed together in
the direction of arrows in Fig. 1, while the X-ray tube
emitting X-rays along a plane section of the body P.
The X-ray tube XT and the X-ray detector DT being so
traversed, a radiation path XR is obtained which is
parallel to the plane section of the body P. After one
cycle of such scanning is ended, the angle of incidence
of X-radiation on the plane section of the body P is
changed. The linear motion and rotational motion are
alternately repeated to collect X-ray absorption data
usually over an angle range of 180 degrees. The
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reconstitution of every point of the plane section of
the body P is possible by permitting X~-rays to be inci-
dent on the plane section substantially in all direc-
tions or angular aspects.

The X-ray absorption data obtained at the X-ray
detector DT is analyzed in an electronic computor to
calculate the X-ray absorption factor of individual
points of the plane section. A tomographic image is
reconstituted through the analysis of each point of the
body's plane section on the basis of the determined X-
ray absorption factor and with a graduation degree
amounting to more than 2,000 steps. 1In addition to the
first generation, there is another traverse and round
system CT scanner called a second generation. As shown
in Fig. 3, the second generation uses as the X-ray
source an X-ray tube XT which generates X-rays in the
form of sector having a small angle. An X-ray detector
DT is disposed to face the X-ray tube XT via the body P
mentioned above. The X-ray detector DT has a plurality
of X-ray detecting elements arranged side by side. For
the collection of X-ray absorption data, the X-ray tube
XT and X-ray detector DT are traversed along a plane
section of the body P and, after the completion of tra-
verse scanning in each cycle, turned round by a prede-
termined angle.

As has been shown, either in the first or second
generation the reconstitution of the final image
involves image formation through conversion of the wvalue
of X-ray absorption that is determined by the structure
of the inspected body into a corresponding shade signal.
The X-ray absorption factor, i.e., the value of each
piccell constituting the image, is referred to as CT
value. This CT value is linearly related to the X-ray
absorption factor and is called Hounsfield number after
its inventor's name. This value corresponds to an
absorption factor value based on an X-ray energy of
73 keV (hereinafter referred to as u value). The
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reconstitution of the final image is effected after
deriving the CT value. However, the CT value is not an
absolutely definite value for the following reasons.
The X-radiation from the commercially available CT scan-
ners usually does not consist of a single wavelength at
the aforementioned reference energy level of 73 keV but
has a spectral distribution. 1In addition, the X-ray
absorption factor M of a predetermined structure of the
body is not fixed because of variations of the propor-
tions of the photoelectric effect and Compton effect.
More specifically, the X-ray absorption in the neigh-
borhood of a predetermined structure of the body varies
depending upon whether or not the structure is
surrounded by bones, and an energy spectrum shift, if
any, causes a deviation of the CT value. The X-ray
energy distribution which has the most significant
influence upon the X-ray absorption value, can be known
by varying the tube voltage of the X-ray tube.

Most of the existing CT scanners use only a single
fixed tube voltage to achieve the linear scanning of a
plane section of the body. It is therefore necessary to
scan the same plane section two or more times, moving
the X-ray tube and X-ray detector repeatedly and
applying a different voltage on the X-ray tube during
each linear scanning. This increases the exposure dose
of X-rays and requires a longer time, inevitably causing
the patient much trouble. 1In view of this the existing
CT scanners cannot be said to be so practical.

It has been contemplated to provide a process of
compensation for the shift of the CT value during the
calculation for the image reconstitution. However, no
correction method that is effective with any body and
also for any inspecting condition has been found.

An object of this invention is to provide a method
and an apparatus for collecting X~-ray absorption data in
an X-ray tomographic apparatus, in which the collection

of X-ray absorption data with respect to a plane section
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of the body is effected on the basis of different tube
voltages during the respective forward and return move-
ments of the X-ray tube and X-ray detector in a recipro-
cal scanning cycle so that the difference in the absorp-
tion value between the forward and return strokes of the
scanning may be used for correcting the deviation of the
CT value to thereby increase the accuracy of the CT
value.

To attain this object, the method of collecting X-
ray absorption data in an X-ray computor tomographic
apparatus according to the invention comprises a step of
collecting X-ray absorption data of a given plane sec-
tion of a body being inspected, said X-ray tube being
disposed to face an X-ray detector via said body and
being traversed together with the X-ray detector along
the plane section of the body, with respect to X-rays
emitted from the X-ray tube on the basis of a predeter-
mined tube voltage during a forward traverse of the
X-ray tube and X-ray detector, a step of altering the
tube voltage after the completion of the step of col-
lecting X-ray absorption data during the forward tra-
verse, a step of collecting X-ray absorption data of
the plane section of the body with respect to X-rays
emitted from the X~-ray tube on the basis of the altered
tube voltage during a return traverse of the X-ray tube
and X-ray detector, and a step of rotating the body
about the center thereof by a predetermined angle rela-
tive to the X-ray tube and X-ray detector after the
completion of X-ray absorption data in one reciprocation
of the X-ray tube and X-ray detector, the step of col-
lecting X-ray absorption data with one reciprocation of
the X-ray tube and X-ray detector and the subsequent
step of rotating the body by the predetermined angle
relative to the X-ray tube and X-ray detector being
repeated at least over a rotational angle range of
180 degrees to thereby obtain X-ray absorption data of

the plane section of the body in different angular
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aspects.

Also, the apparatus for collecting X-ray absorption
data in an X~-ray computor tomographic apparaths accord-
ing to the invention comprises computor means for effec-
ting operations of at least supplying a scanning start
signal to an X-ray tube and also to an X~-ray detector,
receiving a signal indicative of the direction of
scanning of the X-ray tube and X-ray detector, gener-—
ating a tube voltage switching instruction signal at the
time of changing the scanning direction, receiving X-ray
absorption data detected by the X-ray detector during
the forward and return traverses of scanning and also
providing an image constitution output to a display unit
and also generating energy-dependent diagnosis data from
the two different energy data obtained during the for-
ward and return traverses of scanning respectively,
means connected to the X-ray tube for supplying a tube
voltage thereto, and tube voltaée switching control
means connected between the X-ray tube and the tube
voltage supplying means for controlling the switching of
different tube voltages for the respeétive forward and
return traverses in the reciprocal scanning of the X-ray
tube and X-ray detector according to a tube voltage
switching instruction signal received from the computor
means.

With the above method and apparatus for collecting
X-ray absorption data in an X-ray computor tomographic
apparatus according to the invention, two different
kinds of X-ray absorption data with respect to a given
plane section of the body which are respectively based
on the two different tube voltages, can be collected in
a short pefiod of time, and a highly accurate image with
the CT value close to the characteristics of the struc-
ture of the body can be obtained from three different
kinds of X-ray absorption data, namely two based upon
the two different tube voltagé'and the'last one as the
difference between these two different data..
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This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a view useful to explain the scanning
operation of a prior art first generation CT scanner;

Fig. 2 is a view useful to explain the rotational
operation of the prior art CT scanner shown in Fig. 1;

Fig. 3 is a view useful to explain the traverse
operation of a prior art second generation CT scanner;

Fig. 4 is a view showing the orbit of motion of X-
ray tube and useful to illustrate the method of
collecting X-ray absorption data according to the
invention;

Fig. 5 is a block diagram, partly in schematic,
outlining an X-ray absorption data collection apparatus
in an X~ray tomographic apparatus according to the
invention; and

Fig. 6 is a block diagram illustrating the function
of a computor shown in Fig. 5.

Now, an embodiment of the invention will be
described with reference to Figs. 4, 5 and 6.

The invention is applied to a first generation and
a second generation CT scanner. Fig. 4 shows the orbit
of movement of an X-ray tube and an X-ray detector
disposed to face each other via a body.

The X-ray tube and X-ray detector which are located
at a position a is linearly traversed forward to scan
the body P with the X-ray tube emitting X-rays on the
basis of a predetermined tube voltage, for instance
100 kv. 1In the backward or return traverse, the X-ray
detector detects X—ray absorption data in a plane sec-
tion of the body P in a given angular aspect. When the
X-ray tube reaches a point b, its voltage is switched
to, for instance, 140 kv. Then, the X-ray tube and X-
ray detector return to the point c. During their return
traverse, X-ray absorption data is obtained on the basis

of a different tube voltage from that during the forward
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traverse. Thus, two different kinds of X-ray absorption
data are obtained with respect to the same plane sec-
tion. Then, the X-ray tube and X-ray detector at the
point ¢ are rotated by a predetermined angle to a point
d. When the point d is reached, the X-ray tube voltage
is again switched to the aforementioned predetermined
voltage again, and during the subsequent forward tra-
verse up to the point ¢ X-ray absorption data is
detected with respect to the X—réys that are emitted
from the X-ray tube toward the body P on the basis of
the aforementioned predetermined tube voltage. Upon
reaching of the point ¢, the tube voltage is switched
once again, and X-ray absorption data is detected on

the basis of the different tube voltage from that during
the forward traverse until the X-ray tube and X-ray
detector arrive at a point f£. The sequence of linear
motion and rotational motion as mentioned ére repeated,
and the detection of X-ray absorption data with respect
to a given plane section is ended with the completion of
180-degree rotation.

The detection or collection of data on the basis of
two different tube voltages, one during the forward tra-
verse and the other during the return traverse in the
translational reciprocal scanning, permits Obtaining
three different images, namely two images based on the
respective tube voltages during the forward and return
traverses and an image obtained by correction with the
difference between the X-ray absorptions based on the
two different tube voltages. Thus, an image having at
CT value close to the structure of the body can be
obtained. Particularly, it is possible to make analysis
of the X-rays' electron density and the structural ele-
ment composition of the body from the aforementioned
X-ray absorption difference data.

Now, an X-ray absorption data collection apparatus
according to the invention will be described with

reference to Fig. 5.
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An X-ray tube 11 and an X-ray detector 12 are sup-
ported by a frame 13 such that they face each other via
a body 10. The X-ray tube 11 and X-ray detector 12 are
capable of both linear motion and rotational motion with
respect to the body 10.

A start instruction to start the scanning of the X~
ray tube and X-ray detector 12, a scanning speed
switching instruction and/or a slice width switching
instruction are supplied as control instruction signal A
from a computor 14 to the CT scanner.

The aforementioned two different X-ray absorption
data based on the different tube voltages, detected by
the X-ray detector 12, are coupled as data detection
signal B to the computor 14. In the computor 14, the
data detection signal B is analyzed for display of
reconstitution image on a display unit 15 at a gra-
duation degree corresponding to X-ray absorption factor
at each point of the plane section.

A signal C which indicates whether the X-ray tube
11 and X-ray detector 12 are in their forward or return
travel is also coupled to the computor 1l4. A tube
voltage supply device 17 is connected through a tube
voltage switching circuit 17 to the X-ray tube 11. The
tube voltage switching circuit 16 1is connected to the
computor 14, When the computor 14 detects the end of
the forward or return traverse from the aforementioned
signal C from the CT scanner, it supplied a control
signal to the tube voltage switching circuit 16 to
switch the tube voltage supplied from the tube voltage
supply device 17 to the X-ray tube 1l1l. The setting of
the computor 14 in accordance with the system condition
of the CT scanner is done from a control console 18.
The function of the computor 14 will now be described
with reference to a block diagram of Fig. 6.

A scanning control circuit 21 generates the in-
struction signal A supplied to the CT scanner according

to an instruction signal from a CT monitor 20. A
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scanning monitor 22 detects the aforementioned signal
C from the CT scanner, indicating the state of motion
of the X-ray tube 11 and X-ray detector 12, and reports
the detection to the CT monitor 20. After confirming
the scanning state of the CT scanner, the CT monitor
20 gives an instruction to an X-ray control circuit 23
to let the control circuit 23 supply a control signal
to the tube voltage switching circuit 16 mentioned
above according to the detected scanning state. A
data collection and correction calculation circuit 24
collects the X-ray detection data signal B correspond-
ing to the affected part of the body 10, detected by
the X-ray detector 12 mentioned above, and effects
correction calculation with the detection data signal
B in accordance with an instruction supplied from the
CT monitor 20. The result of calculation is stored
in a data memory 25. A reconstitution processing
circuit 26 receives the stored data output from the
data memory 25 and an instruction output from the CT
monitor 20 and reconstitute the X-ray detection data.
The reconstitution data 1is stored in a reconstitution
image memory 27. An image display output circuit 28
receives the stored data from therreconstitution image
memory 27 and an instruction signal from the CT monitor
20 and supplies an image display output to the image
display unit 15 mentioned above for display. An image
recording/reproducing circuit 29 receives the stored
data from the reconstitution image memory 27 and an
instruction signal from the CT monitor 20 and can let
the received reconstitution image be stored on a magne-
tic tape 30 or on a flopply disc 3l. 7

The CT monitor 20 is connected through a conver-
sation operation circuit 32 to the console 18 mentioned
above. The conversation operation circuit 32 can set
the operation pfocedure depending upon the condition of
the CT system under the control of an instruction signal
from the control console 18.
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Claims:

1. A method of collecting X-ray absorption data in
an X-ray computor tomographic apparatus, comprising a
first step of collecting X-ray absorption data of a
given plane section by moving together an X-ray tube and
an X-ray detector disposed to face said X-ray tube and a
second step of rotating said body relative to said X-ray
tube and X-ray detector by a predetermined angle upon
completion of the movement of said X-ray tube and X-ray
detector, characterizedin that said first
step is to repeatedly move said X-ray tube and X-ray
detector back and forth and to collect two kinds of X-
ray absorption data, one produced by applying a voltage
on said X-ray tube while said X-ray tube and X-ray
detector are moving forward and the other produced by
applying a different voltage on said X-ray tube while
said X-ray tube and X-ray detector are moved backward,
and that said second step is carried out upon completion
of every reciprocatory movement of said X-ray tube and
X-ray detector and is repeated until said body is
rotated relative to said X-ray tube and X-ray detector
through at least 180°.

2. An apparatus for collecting X-ray absorption
data in an X-ray computor tomographic apparatus,
comprising:

computer means for effecting at least operations of
supplying a scanning start signal to an X-ray tube and
an X~-ray detector, receiving a signal indicative of the
direction in which said X-ray tube and X-ray detector
are moving, generating a tube voltage switching instruc-—
tion signal at the change of the direction in which said

X-ray tube and X-ray detector are moving, receiving X-

‘ray absorption data detected by said X-ray detector

while said X-ray tube and X-ray detector are moving
foreard and backward and providing an image-forming
output to a display unit and also generating
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energy-dependent diagnosis data from two kinds of

enerqgy data obtained while said X~ray tube and X-ray

detector are moving

forward and backward;

means connected to said X-ray tube for supplying a

tube voltage to said X-ray tube; and

tube voltage switching control means connected be-

tween said X-ray tube and said tube voltage supplying

means for controlling the switching of different two

voltages, one to be
said X-ray tube and
and the other to be
said X-ray tube and

according to a tube

applied on said X-ray tube while
X-ray detector are moving forward
applied on said X-ray tube while
X~-ray detector are moving backward,

voltage switching instruction signal

supplied from said computor means.
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